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BORONTRICHLORIDE PURIFICATION W?THA KrF EXCIMER LASER
‘#:

by

Ronald C. Hyer, Allen Hartford, Jr., and Jerry H. Atencio
University of California

Los Alamos Scientific LahoraLory
P. 0, Box 1663

Los Alamos, NN 87545

ABSTRACT

Selective ultraviolet photolysis using a KrF excimer laser has been

used to substantially reduce the phosgene impurity in a binary mixture

of boron trichloride and phosgene. Infrared spectroscopic analysis of the

sample before and after irradiation shows that it is ~ossible to highly

purify .‘ommercia]]y avai]ab]c boron Lrichloridf! with this technique.
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BORONTRICHLORIDE PURIFICATION WITH A KrF EXCIHER LASER

by

R~nald C. Hyer, Allen Hartford, Jr., Jerry H. Atencio
University of California

Los Alamos Scientific Laboratory
Los Alamos, NM 87545

INTRODUCTION

Boron trichloride (BC13) is employed

8S a source of boron for p-type doping of

in the semiconductor industry

silicon. It is also used in

the manufacture of fiber oplics to alter the optical and thermal proper-

ties of glass fibers,

Commercially available BC13 contains up to 1000 parts-per-million
.

(ppm) of phosgene (COC12) as an impurity. ‘ A display of Viipor pressurr

as u function of temperature for tlC13 and COC12 ShOWIIin FiR. 1 “illus-

trates the difficulty of separating Lhetie two matcrinls by dis!.illtitirm.

Laser-indurpd chrmistry has ken applied 10 a binary mixture of BCI:)

and COC12 to selectively remove the COC12 con~idered to hr tin impurityt

Selertiv@ ultraviolet (UV) excitation of thr COC12 molrculr to iI l,r~wii~-

sorialive e]prlronir stair rcsulta in commrsion of lhr ]rnpurily sprcic~

to com:~onen~s that mny hr easily removrd from LIK hulk miitrri~l. Rc 1:,

abtiorption orrurM at wnvrlon~thll hrlow ahoul 210 nmm‘~ c(lc12, on t tic’

4
oth~r htind, ~xhihitri predi~Hocitition nt WJIVCIPIIRIIIH Nhortrt’ lhiitl 275 nm,

produrinR carhnn monoxid~’ (CO) and rhlorinr (C12) MS the ult~miltr prndurl~,

Excitntlnn of u rnix~urr of 11(:1:1and COC12 ill thi~ wnvvlcw~th inlrrvill IN

prr!’rrrutinlly tih~orlnd hy thr COC12 mOlt’rul(’H, rolmwrliufl thorn by [h{’

iollowinR ovrrtill rwirl loll:
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hu
Cocl ~co

2
+Cl . (1)

2

The products are stable gases and miiy be easily remov~d hy ronventicml

means leaving purified BC13.

EXPEHlttENTAL

A schematic of the experimental apparatus is pr~sented in Fig, 2.

The excitation! source is an ●xcimer laser operatin~ on KrF ~t a wavelength

of 248 nm. The be~m ene”gy was nominally 200 mJ in a pulse h~ving a full

width at half maximum of 12 ns and a cross section of 0.7 cm by 2.0 cm.

IL was possible to operate Lhr laser on a single-pulse basis or at rcpeLi-

LiOn frcqurncicfi of up 10 7!i plI]H(’s per second. A fhpr’ii~i] f]at wiiH

positioned to Hplit off a porlion of Lh incc!!lin~ h~um ;Iti a monilor of

lh~ energy incid{’nt OI; thr nbllorpLion CC!]] at each firilig of thr Ins(’r,

The ahsorpLioil w]] was a ,j0,5-rm-lrmg Pyrrx tubr with dclochtib]r S:lpr;lsil

end windows 2.54 cm in diamrtrr, l’rrci~ion cnp:lcitanue wtinomrt(’rH providflll

vapor prrHHurc mensuremrnts in Lhr run~r from 10-3 ~{1 ,(;; ,“rr o Thr

~xpcrimrntti] prormlure wati to fill the wII with a gus snmplr fit ii known

l)rPNHurP, irrndinlr it, and r(’wrd lhr incltlcflt iind lrarwmlttrd inLrrl~iLirN

uHirl# en(~rgy mrterH, n (i,lill-ht’ilm n#(’illoHrop(~, nnd ir rnmrrti.

To rlrtrrrninr th~ rnrrgy ~~l)x,)rlu’d hy thr ~i]mp!l~, the rc!lr(’tivr

10NMPHdut~ 10 LIIP (’vII wirdowN mu~+. INI iakrrt into nrrount. ‘rhi’ rcsult5

iN Ulvfw by thr following fixl}.l~wwif)ll t’,)r thv frncticm 01 rrwr~y ill,N!)rl)l*(l

Ily lIIP N4mplP:
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E
abs - Ee

f
‘Etot-E ‘

e
(2)

where Etot is the energy incident on the cell, Eab~ is the incident minus

the transmitted energy when the cell contains a Sdm~]e, and Ee is the

incident minus the transmitted energy when the c?ll is empty.

RESULTS

The phosgene absorption cross section, o, was calculated using data

obtained from the equipment described above and the Beerts law relation,

1/1 = N-’ufl ,
0

wherr 1/10 is Lhr ralio of the transmitted to inridrnt intrnsily. p is

the drntiity of Lhr $amplr, E is the cell lrnglh. and o is thr al}sorptioll

crbss srrtion, ~ross-~crlion mmsuremrnln wrrr mil(!(’ fll amhirnt temprriituri’

iind itt VilriOUN prrssurr~ of COC12. Thr nvrrit~r ilhsorptioli rro~s srcti(,ll

(!11

r
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the manufacturer. Figure 3b is of the identical sample after irradiation

by 5000 pulses from the KrF laser, while Fig. 3C is of the same sample

after an additional 5000 pulses. From these data it is clear that the

BC13 is unaffected by the uv photolysis, while the Cl)C12 shows a drcrrasrd

roncentralion with Lhr simultan~ous appearance of the carbon monoxide

vibrational band as may be seen in Figs. 3b and 3c. The COC12 concrntrti-

tion after 104 laser pulses is less than 100 ppm, which is the deLecLivity

limit obtainable with the ir spectrophnLometer and absorption cell usrd.

The quantum yield fcr phosgene removal may he estimated by calculation

of the ●nergy absorption by a sample of BC13 cor,taining the COC12 impurity

and analysis of the ir :ipectl.~ beforr and after ir]tldiatir)n. Thr quantum

yield, $, is the ratic of the numhei- of phosgene molecul~~ destroyed to tin-

number of uv photons absorbed hy ~h~ sample. The nurnher of phosRenr

molrc-uleti destroyed is determimvl from ihr ClliiIlg(’ in transmission of thr

pho*Re[lp fpaturc read from thr ir sprclr,l. The numhcr of uv photons

~hsorhml by the sitmplr is rrltitcd t.o thr tmorgy tihsorhrd, H whi {“h
siimplt”

is thr product of thr avrraRr encr~y per las(r pulfirj E , and thr g:ls;Ivg

absorption, or

wlirrr k = th(’;Ivg

(1= 111(’

1)(, = t }1(’

Ap = thr’

J = tht’

n = thr

(4)
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This expression is valid for small COC12 depletion, for which Al] is

essentially constant.

A 200-torr samplf’ of consncrcial graae BC13 was analyzed for COC12

impurity I)efore and afler irradiation of 500 pulst=s from thr KrF lasvr.

Beginuing wiLh an initial concentration of tibout 5.6 ~ 1016 COCi2 molr-

cules/cm3, iipproximolc]y 4 ~ 1013
COC12 molrcules/cm3 werr drstroyorl on

each lasrr shot, which had an averagr intensity of about 9tJ mJ/cm2

incident on the sample. Using these values, E = 2.65 J andsample

$= 1.17 t 0,1 for phosgcnr al room temperature.

CONC14USIONS

Thr phnsgrnr absorption cross section has bven rneasurcd

(1 = ~,y ~ ~m5 y ]()-~() ‘.m~ al M+ nm and room Lemprrittrlrr. [1

Lrichlor

I00 ppm

dr puri 1y hy roduri n~

II d 5( N1-torr !iillnp 1(’ o

ti(’)11 0! il mixturr Of lfCl:, illll{ (

tlrmollslrdti~s two thin~s: ROOd

(’d a signitic;int improvrmrnt

to 11(’

lraviolfit

II Iwroll

kllr pllos~(’llt” coIIl~’111 1(I ]t’%s Ltl.11]

rommrrriiii Iy ;Ivdi Idi)lt’ m,llrridl. tkcitd-

lil -

sourer for :r lilr~(m-~rill[’ puril’iriit ion Illillll ; ilrl~ U\’ rxri Lilt i orl st~llr~”t’

WhO$r olltpllt i~ rorlfino!l to 111(’b’ilV(’1(’11~111 illt[’rVill Iwlwon 210 illl(l

275 r)m wwllIl 1111Ilouht hr Sill isldl(”tljry.
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FIGURE CAPTIONS

Fig. 1. Vapor pressure of BC13 and COC12. Separation of these two materials

by distillation is difficult du~ to similarities in the vapor pres-

sures over a wide range of temperatures. DaLa from Ref. 1.

Fig 2. ApparaLus for cross section and quantum yield measur~menls.

ThF absorption cross secticn, (I, was determined by assuming Beer’s

law attenuation and measuring the enerfiy absorbed hy the gas as a

ratio of the transmitted intcnsily to thr inridrnl intensilyl ]/lO.

This value of u(COC~2) was used LO ralculaLe @(C(~C12).

FiR. 3. Infrarrd sprctrophotomrlrr traces of a 500-lorr :;lml]lr ol tlCl:l.

3n is ii trdncr of the samillr of llcl:l a~ rrcpivrd Irom thr mdiln-

f’;iclurrr; W is thr id(’nliral samplr i+fl(’r bring irradiiit+d hy

5000” pulsr~ from Lhr Krt’ ~x(.imrr Iasrr, aId :Ir is thr kidmr stimplr

ilftl’r irrndiiilion iiftrr iin adlllliOUill 5000 ]Iulsrs.
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